In the genera Brevibacterium and Corynebacterium, only mutants with HDRshave been reported to produce threonine, and they were selected as mutants resistant to AHV, a threonine analogue1>2) (Fig. 1) . However, during the screening of AHV-resistant threonine producers, we found a novel type of threonine producers which had normally feedback-sensitive HD, unlike the threonine producers previously obtained, but which were defective in DPS, the first enzyme in the lysine-specific biosynthetic pathway ( Fig.   1 ). The DPS deficiency is considered to be not only novel as a character of threonine producers, but also practically useful. That is, enhancement of threonine productivity is expected on the endowment of HDR type threonine producers with the DPS defect. 41 Furthermore, the byproduction of lysine, an undesirable character often observed in HDR type threonine producers derived from lysine producers, may be depressed by the DPS defect.
The present paper deals with the derivation and characterization of DPSmutants from B.
flavurn.
Materials and Methods
Bacterial strains and media. Mutant strains of Brevibacterium flavum No. 2247 (ATCC 14067, wild strain), an aspartate producer, No. 70,3) with a PK defect and a lysine producer, AC6644) (No. 664-7 in the previous paper), with an AKR, both of which were derived from strain No. 15-83>5) with a CSL and a PCR, were used. Strain BB69, an AHV-resistant threonine-producing mutant with an HDR, was derived directly from wild strain No. 2247.l) 
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.8g HEPES, 20g agar and NaOH to adjust the pH to 7.0, per liter, and was sterilized at 115°C for lOmin. Medium 48 for threonine or lysine production was Medium367) without L-methionine, and contained lOOg glucose per liter. When the (NH4)2SO4 and/or SMH concentrations of this medium were changed, they are indicated in parenthesis after "Medium 48". For example, the medium containing the standard concentrations of (NH4)2SO4 and SMH is designated as Medium 48 (N60 S35). Medium T-2X) for threonine production was composed of 
L-phenylalanine and L-tyrosine, 500 mg ofL-histidine à" HC1 and 400mg of yeast extract, per liter. Colonies that appeared during cultivation for 12 days were picked up.
Production of threonine. Method A: This method was used for the screening of threonine producers from AHVresistant mutants. A loopful of cells grown on Medium 7 supplemented with 10 g/l of monosodium L-glutamate for 24hr was inoculated into 3 ml of Medium48 in a test tube, and then cultured for 72hr. Method B: Two loopfuls of cells obtained as described above were inoculated into 20ml of Medium48 or Medium T-2 in a 500-ml shaking flask, and then cultured for 72hr. In method A and B, 300mg/1 of L-histidineà"HC1 was added to Medium 7 for cultivation of strain AC664and its mutants. In method B, for cultivation of DPS-defective or -reduced mutants, 1 g/1 of dl-DAP and 50mg/1 of dipicolinic acid were added to Medium7. Threonine and lysine in the culture broth were detected by thin-layer chromatography as described in the previous paper.8) L-Threonine,1* lysine8) and growth1) were determined as described previously.
Enzymeassays. Enzymeactivities were measured with cells cultured in 20ml of Medium 48 in 500-ml shaking flasks for 40hr. For cultivation of strain No. 70 and its mutants, Medium 48 (N50 S30) was used, whereas Medium 48 (N25 S35) was employed for strain AC664 and its mutants. In the case of DPS-defective or -reduced mutants, the above media were supplemented with 1 g/1 ofdl-DAP. The methods for both the preparation of crude extracts and the AKand HDassays were described in the preceding paper.8) The crude extract for the DPS assay was prepared by sonic disruption of washed cells, followed by centrifugation.9) The supernatant solution was passed through a column of Sephadex G-25 to' eliminate low molecular weight contaminants. The enzyme activity was determined by measuring pyruvate remaining after reaction with dl-ASA. The assay conditions were the same as given previously,9) except that 1 ml of 0.1 n HC1solu-tion was added to stop the reaction and that 20 /ig lactate dehydrogenase was used for determination of the pyruvate, in a total volume of 2ml. A reaction mixture without dl-ASAwas used as a control. The crude extract for
HKmeasurementwas prepared by sonic disintegration of washed cells, followed by centrifugation.10) The extract after passage through a column of Sephadex G-25 was used as the enzyme solution. The enzyme activity was determined as described previously.10) Growth response to DAP. Cells of strain No. 70 and its DPS-defective mutant, DK131, grown on Medium 7 supplemented with 10g/l of monosodium L-glutamate, 1g/1 of dl-DAP and 50mg/1 of dipicolinic acid were harvested, washed twice with Medium T-2 without MIEKI, and then resuspended in the same medium.The washed cells were inoculated into large test tubes (21cf) x 200mm) containing 3ml of the same medium but with various concentrations of DAP, and then cultured for 48hr. The cell concentration at the begining of the incubation was adjusted to 0.005 as to A562. In the case of strain AC664 and its DPS-defective mutant, DAI05, the method was essentially the same as that described above except that 300 mg/1 of L-histidine à" HC1was further added to both Medium 7 and Medium T-2. Derivation of DPS-defective threonine producers from lysine-producing strain A C664 Strain AC664produced more than 40g/l of lysine as its HC1 salt in Medium 48 (N70 S35),4) but, as shown in Table II , 24.5g/1 in Medium 48 (N25 S35), the standard medium used for threonine production in this study. This strain showed low sensitivity to AHV in a glucose minimal medium. However, the growth on acetate plus pyruvate was found to be severely inhibited by AHV,and recovered on further addition of L-threonine (data not shown). Then, 1576 mutants resistant to AHVwere derived, and their threonine productivities were examined by method A with Medium 48 (N25 S35). Thirty-one percent of the resistant mutants were threonine producers, but most of these producers accumulated lysine in larger amounts than threonine.
Results
A representative strain, BA68, which produced 9.7g/1 of threonine and 12.2g/1 of lysine as its HC1salt, was confirmed to be a conventional HDRtype threonine producer with a normal level of DPS, as shown in Table II . On the other hand, in strains DA105, DAI 10, DA417, I. Shho et al. Nos. 257 and 415, the amounts of lysine produced were smaller than those of threonine, while the threonine productivities were comparable to that of strain BA68. DPS activity was not detected in strains DA105and DAI 10, and it was reduced in strain DA417. The DPS activities of the remaining two strains, Nos. 257 and 415, were comparable to that of the parent strain. Among them, the low lysine productivity of stain No. 257 seemed to be due to its poor growth in the production medium.
The results in Table II also show that the HDsof these DPS mutants were not released from feedback inhibition by threonine. The best DPS-defective threonine producer, DA-105, was further investigated as to other enzymes in the threonine biosynthetic pathway. No difference was observed between strains DA105 and its parent, AC664, as to either the specific activities or the degrees of feedback inhibition of AK and HK.
Effects ofDAP on the growth ofDPS-defective mutants As DPS is an enzyme in the pathway for lysine and DAP biosynthesis, the effects of DAPon the growth of DPS-defective strains, DK131 and DA105, were examined in a glucose minimal medium. As shown in Fig. 2 , strain DK131 showed slow but substantial growth in the absence of DAP, and thus did not show an absolute requirement for DAP ( Fig. 2(A) ). However, its growth was markedly enhanced by the addition of DAP, the maximum, which was about four times as much as that in the absence ofDAP, being observed in the presence of 6g/1 ofdl-DAP. Moreover, 100 mg/l of L-lysineà" HC1 in combination with 4 g/1 of dl-DAP further stimulated the growth up to the level in the case of the parent strain. However,L-lysine alone did not promote the growth at a concentration up to 2g/1 (data not shown). The parent strain grew well without DAPand lysine, and did not respond to these compounds. Strain DA105 grew better than strain DK131 in the absence of DAP, to an extent comparable to that in the case of the parent strain (Fig. 2(B) ). DAPaccelerated its growth about 1.5 times, at maximum.However, this acceleration was not due to the DPSdefect, because the growth of the parent strain was also accelerated by DAPto a similar extent.
Cultural conditions for threonine production by strain DA105 The cultural conditions for strain DA105
were investigated using Medium 48 (N25 S35) as the standard medium. The optimum concentrations of (NH4)2SO4 and SMH were 20g/l and 35ml/1, respectively. Under the optimum conditions, 10.3 g/1 of threonine and 3.5g/1 of lysine as its HC1 salt were accumulated.
The addition of dl-DAP or llysineà"HC1 to the standard medium at concentrations between 0.1 and 5 g/1 did not affect either the threonine productivity or the growth.
Cultural conditions for threonine production by strain DK131 The cultural conditions for strain DK131
were examined using MediumT-2 supplemented with 5g/1 of dl-DAP as the standard medium. As shown in Fig. 3(A) , (B) and (C), the growth and the threonine production in medium T-2 were markedly affected by the concentration of dl-DAP, the optimum concentrations being between 4 to 6g/l for production. In the presence of 5g/1 of dl-DAP, the optimum (NH4)2SO4 and MIEKI concentrations were 20 g/1 and 2 ml/1, respectively. Then, the effect of the MIEKIconcentration was examined in the mediumcontaining 20 g/1 of(NH4)2SO4 and 5g/1 ofdl-DAP. As shown in Fig. 3(D) , the maximum threonine accumulation, 13.7g/1, was obtained when the concentration of MIEKIwas 1 ml/1.
Effects of L-lysine on the threonine production by strains DK131 and BB69 In preliminary experiments, threonine production by strain DK131 in Medium 48 (N50 S30) was found to be markedly depressed by the addition ofL-lysine à" HC1 (data not shown).
This result and the previous report12) suggested much stronger inhibition of threonine production by lysine in the DPS-defective strain, DK131, than in the HDRtype threonine producer, BB69. Then the effects of lysine on the two strains were compared using the above established optimum mediumfor the threonine production by strain DK131 as the basal medium. As shown in Fig. 4 , the threonine production by strain DK131 was inhibited by lysine more severely than that by strain BB69. In the presence of 2g/l of llysine à" HC1,the production was depressed to a level of7.6% or 74% the control value with the basal medium, respectively. The addition of lysine did not affect the growth of either strain.
Discussion
Strains DK131, DA105 and DAI10, isolated as AHV-resistant threonine producers in the present study, lacked DPS activity. There have been no reports on the derivation of DPS-defective mutants of bacteria in the genera Brevibacterium and Corynebacterium. The
HDs of these strains were not released from feedback inhibition by threonine. Therefore, they appeared to be novel threonine producers, being distinct from those of the conventional HDR type.
There was no difference between the DPSdefective strain and its parent strain with respect to the key enzymes in threonine and lysine biosynthesis other than DPS, i.e., AK, HD and HK. Therefore, the threonine production by these strains can be considered to be due only to their DPS defects. As to the mechanism of over-production of amino acids by mutants having normal regulatory enzymes, several examples have already been reported, 13) in which an excess supply of a substrate that competes with the feedback inhibition of the regulatory enzyme causes over-production.
In strains DA105 and DAI10, ASA, a substrate of HD, may accumulate in the cells as a result of their DPS defects, as their AKshave been released from feedback inhibition.
In strain DK131 with feedback-sensitive AK, excess accumulation of ASAmay also be expected to occur with the lysine limitation caused by the DPS defect, where the concerted feedback inhibition of AK would not operate (Fig. 1 ). For the above proposed mechanismfor threonine production by DPS-defective mutants, the excess accumulation of ASAis essential. This was strongly supported by the much severer inhibition of threonine production by lysine in DPSdefective strain, DK131, than in HDR type strain, BB69. These DPS-defective strains were obtained as mutants resistant to AHV. As the growth inhibition by AHVhas been concluded to be due to its false feedback inhibition of HD,1 2) the resistance of these strains may be explained by competitive release of this false feedback inhibition due to their high intracellular concentrations of ASA. Thus, the AHVresistance of DPS-defective strains also supports the above proposed mechanismfor threonine production. showed the maximumproductivity of 13.7 g/1,
which is comparable to that of a previously reported typical HDR type producer, BB69, 13.3 g/1. Therefore, DPS-defective threonine producers seem to possess almost the same productivities as those of HDRtype producers. It has been reported that in E. coli, a mutant auxotrophic for DAP produced threonine.16'17) However, the productivity of the mutant was only 2g/1, at maximum, and the defective enzymeremains to be elucidated.
